Copper zinc alloys were electrodeposited in the form of thin films. Electrodeposition process was carried out in non-cyanide aqueous medium, under constant current. Effect of pre-deposition ultrasonication of solution was investigated. In other words ultrasonic treatment was applied only before the electrodeposition. Solutions were subjected to high-energy ultrasonication for increasing times. Cyclic voltammetry was used to understand changes occurring due to duration of ultrasonication. No ultrasonication was applied during deposition. Atomic composition of resultant films were revealed by MP-AES. It was found that implementation of ultrasonic treatment before electrodeposition affects CV characteristics, when compared to non-ultrasonicated solution. Atomic composition of fabricated samples were found to be close to each other, some of them showing more deviation.
Introduction
Metallic thin films are scientifically important materials and find many technologic applications in industry. Therefore fabrication and characterization of these materials are extensively studied. CuZn alloys have many applications both in bulk and thin film forms. These applications include protection against corrosion, use as substrate material for film deposition, adhesive interlayers, uses due to good mechanical properties and machinability, decorative purposes etc. [1] [2] [3] [4] [5] [6] [7] [8] [9] . In addition, copper and some of its other alloys are important materials for research [10] [11] [12] .
Another important property of CuZn alloy group is shape memory effect. NiTi alloys are another important group of shape memory materials [13] . Shape memory effect can be described as material ability to change its shape upon heating. Shape change may be preserved upon cooling, which is called one way shape memory effect, or material can exist in different shapes at different temperature intervals and can switch between these different shapes, which is called two way shape memory effect [14] .
Shape change during transformation is accompanied by changes in physical and chemical properties. Therefore, shape memory materials can be used as actuators and sensors [15] . When shape memory materials are fabricated in the form of thin films, they can be used as micro-valves, micro grippers, micro actuators etc. They can be integrated into silicon technology. Furthermore they have a potential to be used in MEMS.
For thin films to be utilized in industry, it is important to be able to fabricate materials with required physical and chemical properties, which is only possible * corresponding author; e-mail: kaganyurdal@hotmail.com through theoretical and experimental research. There are many thin and thick film production techniques, each with its own advantages and drawbacks [16] [17] [18] [19] [20] . Among these techniques, electrodeposition has advantages of non-vacuum fabrication, ability of production at room temperature, aqueous deposition, low cost, versatility etc.
Non-cynide solutions are preferred as deposition medium because of environmental and health concerns. Some researchers reported studies on electrodeposition of CuZn alloys [21, 22] and some others underlined shape memory property [23, 24] . Many researchers used ultrasound during electrodeposition of metallic materials and metal matrix composites. Tudela et al. studied ultrasound assisted electrodeposition of nickel. They reported that presence of ultrasound caused a preferred orientation.
Grain refinement, together with work-hardening resulted in harder Ni films [25] . Kim et al. used ultrasonication in electrodeposition of Cu/Al 2 O 3 nanocomposite thin films. They reported that ultrasound provides reduced agglomeration of nanoparticles and resulted in a finer grained Cu matrix, resulting in better mechanical properties [26] .
In this study we research the effect of ultrasonication time on solution properties and atomic composition of resultant films. Ultrasonication was applied before deposition. In other words, electrodeposition was carried out in non-ultrasonicated conditions. Ultrasonication is used to generate cavitation in solution and change solution characteristics by applying high energy. It was considered that type and/or amount of formed complexes may be changed by this energy input, which will result in different deposition characteristics.
Experimental
Electrodeposition was carried out using a PAR-STAT 2273 galvanostat/potentiostat, using an aqueous (1087) medium, at room temperature. Aluminum plates, with dimensions of 2 × 2 cm 2 , were used as substrates. Substrates were cleaned and activated by dipping into 1 M NaOH solution and rinsing with distilled water. A platinum wire was used as counter electrode. Experimental grade chemicals were used. 0.06 M CuSO 4 ·5H 2 O and 0.1 M ZnSO 4 ·7H 2 O were used as metallic ion sources. 0.5 M trisodium citrate dihydrate (TSC Dihydrate) was used as complexing agent, to form metallic complexes and to provide stability for deposition.
Electrodeposition was carried out galvanostatically at current density of 15 mA/cm 2 . Solutions were subjected to ultrasonication before electrodeposition for 5-60 minutes. A Hielscher UP 200S type ultrasonicator was used at a cycle time of 0.5. Ultrasonication was achieved by directly dipping the ultrasound probe into the solution. A non-ultrasonicated solution was used as reference for comparison. Solution behaviors were examined using cyclic voltammetry between 0.6 V and −1.8 V potentials. Films were peeled off from substrates and dissolved in acidic medium to reveal atomic composition using MP-AES. Solutions and samples are named according to ultrasonication period. For example U5 is the solution and respective sample for 5 minutes of ultrasonication.
Results and discussion
Cyclic voltammetry (CV) is a widely used and powerful tool in electrochemistry, which reveals solution behavior and makes it possible to predict ideal conditions for electrodeposition. Figure 1 shows CV graphs of four samples which were selected as representative samples for CV, which gives a comparison for non-ultrasonicated sample (U0) and samples with minimum and maximum ultrasonication (U5 and U60), as well as average sample with 30 minutes of ultrasonication (U30). U30 sample has curled and separated from substrate during deposition, which has probably affected film properties.
This figure makes it possible to understand the overall effect of ultrasonication, covering a wide range of ultrasonication periods. It is observed that shape of CV graph for reference solution (U0), which was not subjected to ultrasonication, shows a relatively different behavior. Cathodic current, which indicates deposition of metal ions onto the substrate, starts at more negative potentials, compared to ultrasonicated samples.
Moreover cathodic current at −1.8 V maximum potential is lower than that of ultrasonicated solutions. Also, shape of nose at maximum negative potential is narrower than in other samples. Maximum cathodic current for non-ultrasonicated sample is around −26 mA, while 5, 30, and 60 minute ultrasonicated samples all have a 35 mA current at −1.8 V potential.
Upon reversal of the potential towards the positive values, two peaks are observed at around −0.5 V and 0.1 V. These two peaks are called anodic peaks and they refer to peeling of the formed film layer. Two distinct peaks refer to separate dissolution of Cu and Zn elements due to their different reduction potentials. U0 sample shows relatively low current values upon dissolution as well, which is in compliance with lower cathodic current. Ultrasonicated samples show very similar behaviors both in cathodic and anodic current regions. Figure 2 gives another comparison of ultrasonicated samples for more detailed understanding of changes. Figure 2 consists of the data obtained from Fig. 1 . That is to say, ultrasonication period has made only small changes in CV graphs. Figure 3 shows potential vs. elapsed time for nonultrasonicated sample as well for samples ultrasonicated during 5, 30 and 60 minutes. It is observed that when solution is subjected to ultrasonication before electrodeposition, there is a tendency for deposition at less negative potential values. This means that forming the same current in solution needs less driving force, in other words species in the solution are a bit more active than in non-ultrasonicated ones. This effect is most visible in 30 minute ultrasonicated solution.
However, this tendency does not increase as time increases further, since 60 minute ultrasonicated solution has shown a more negative potential profile, which is close to that of non-ultrasonicated sample. Difference in behaviors of cyclic voltammetry and potential vs time graphs may be attributed to type and/or amount of formed complexes in the solution, or some other changes, which affect mobility of charged species. This difference may be due to various reasons, such as acidity, temperature, concentration of ions etc. In this case it is attributed to ultrasonic treatment.
High energy applied by ultrasonication causes some changes in solution equilibrium. However it is seen that ultrasonication period does not have significant effect on shape of CV graph.
Some researches have focused on examining the types and amount of complexes formed in Cu and Zn solutions in which tri sodium citrate is used as the complexing agent. Sangmin Shin et al. reported a study focusing on reduction potentials of Cu and Zn, with and without citrate addition [27] . They studied reduction potentials and sodium citrate complexes of these two elements. They reported that at pH values up to 4.5, H 3 Cit is abundantly present because of its stability, it does not make complexes with metal ions. When solution pH is increased, H 2 Cit − , HCit 2− and Cit 3− show peak values at around 4, 5.7, and 8 respectively. Beyond pH = 8.5 only Cit 3− is found to exist. They found that while CV of copper showed a reduction peak at −0.1 V (vs. Ag/AgCl), when no citrate was added, this peak disappeared and a new peak formed at −0.8 when sodium citrate was added.
S.J. Kim et al. reported that in the pH = 5.8 − 6.5 interval, depending on Cu concentration, (Cu 2 Cit 2 (OH) 2 ) 4− is reported to be the most stable complex species in solution and it suppresses the direct reduction of Cu from the electrolyte [28] .
Sangmin Shin et al. conducted a similar study for zinc as well. They reported that at pH = 4.7, Zn(Cit) ions coexist and the reduction of Zn is easier than at high pH. Broad peaks at −0.7 V were observed, which means that the reduction potential of Zn from citrate complex is increased. In brief, use of trisodium citrate makes codeposition of copper and zinc possible by bringing their reduction potentials close to each other.
Chemical composition of samples was revealed by MP-AES method. 
Conclusions
CuZn alloy films were fabricated from aqueous citrate solutions. Sulphates of Cu and Zn were used as ion sources. TSC was be used as a complexing agent. It was aimed to change solution equilibrium conditions by applying high energy ultrasonication, which was considered as a tool to obtain films with different properties. CV results show that both anodic and cathodic current values are lower for non-ultrasonicated solution, compared to ultrasonicated ones. Furthermore shapes of CV curves show some differences between non-ultrasonicated reference sample in comparison to all of the ultrasonicated ones. CV graphs of ultrasonicated samples are similar to each other, regardless of ultrasonication period. Chemical compositions of samples are close to each other, and are around 44 at.% Cu, with extremities of 35% and 48% for 15 and 60 minutes ultrasonicated samples, respectively. Differences in CV graphs and chemical composition of samples may be attributed to type and/or amount of equilibrium complex species, formed in solutions, or some other changes which affect the mobility of charged species.
